The decline in ethylene production in apple (Pyws malus L. cv. Golden Delicious) tissue slices during 24 hours Incubation in 600m orsorbitol and 10 m_liolar 2-(N-morpholno)ethanesulfonic acid buffer (pH 6.0) is recognized as a senescent ph
Calcium is a major factor in preventing physiological disorders in fruits and other plant tissues during growth and development (11) . Calcium is also known as a retardant of senescence (13, 14) .
These effects of Ca2" on apple fruit and other tissues may require relatively high concentrations of the cation, in the range of 0.1 to 0.4 M (16) . The mechanisms by which calcium influences growth and retards senescence are not known, but there are reports that addition of Ca2' to Ca2'-deficient tissues reduces respiration and suppresses ethylene production (5, 14) . There is also indirect evidence that the beneficial effects of Ca2' relate to the preservation of membranes (15) . More recently, Ca2' at very low concen- trations has been considered a "second messenger" mediating numerous metabolic events in mammalian systems (6) .
In previous experiments, we observed a sharp drop in ethylene production with time by apple tissue slices incubated at 30°C in solutions of 0.4 M sucrose (9) . Such treatments appear to cause rapid senescence of the tissues. The loss of ethylene production upon extended incubation in solutions is considered, in this context, a manifestation of senescence and deterioration of the tissue slices. The influence of calcium in retarding senescence (15) suggests that the ethylene-forming system in tissue slices may be preserved by calcium or by magnesium, a related cation. This report presents a study of the influence of Ca2`and Mg2+ on the ethylene-forming system in apple tissue slices during advanced aging and senescence in buffered solutions of putative iso-osmolarity.
MATERIALS AND METHODS
Tissue and Incubation Procedure. Golden Delicious apples (Pyrus malus L. cv. Golden Delicious) grown in the Beltsville orchard were harvested in early preclimacteric and in early climacteric stages and stored at 0°C in polyethylene liners to prevent desiccation. The fruit were sampled periodically during a 9-month period. At each sampling, ethylene production of the intact fruit was determined, after warming to room temperature, to establish its relative position on the climacteric curve. Slices 2-mm thick and 10-mm in diameter were prepared from these fruit. The tissue slices were washed in 600 mm sorbitol and 10 mm Mes buffer (pH 6.0) and four slices weighing approximately I g were placed in 25-ml flasks. (4) . Lipid peroxidation in the tissues was determined on 25 apple plugs (4.5 g fresh weight), which were freeze-dried and the dried tissue extracted with 12 ml methanol. The extract was dried under vacuum, and the dried lipid taken up in 95% ethanol. Lipid peroxidation was assayed using the thiobarbituric acid reaction which yields malonaldehyde on reaction with peroxidized fatty acids (3 and Mg24 had little effect, whereas higher concentrations (10 and 100 mM) inhibited ethylene production through the first 5 or 6 h of incubation ( Figs. 1 and 2) . The effect of 100 mm Ca24 plus 100 mM Mg+ changed with time. Although these cations initially inhibited ethylene production, they prevented most of the decline that occurred in the controls after 24 h of incubation, thereby resulting in higher rates of 24 h. A combination was generally more effective than either cation alone. These effects were observed most in tissue slices from post climacteric apples.
Mixtures of calcium and magnesium at 100 mm each in the incubation solution consistently increased ethylene production over controls in apple tissue slices, at all stages of ripening, after 24 h of incubation (Fig. 2) . These high concentrations of cations were inhibitory to the ethylene-forming systems in the tissues at least up to 6 h of incubation. After 6 h of incubation, the cations at 100 mm tended to be less inhibitory relative to controls, and in most stages of ripeness actually showed much higher ethylene production than controls (Fig. 2) production after 24 h, relative to controls (Fig. 2) .
Influence of Cations on Leakage and Lipid Peroiddation. The increased ethylene production by tissue slices observed in solutions of 100 mm each of Ca2+ plus Mg2+, relative to controls, on longterm incubation, may be the result ofpreservation of the ethyleneforming system. Whereas ethylene production in controls showed a decline which became steeper after 5 h ofincubation, the decline rate in the Ca2+ plus Mg2e treatments, which was very high during the first 5 h of incubation, was reduced to a zero slope from 7 to 24 h (Fig. 3) .
Protein leakage was significantly reduced in tissue slices incubated in solutions containing 100 mm each ofCa2+ plus Mg2e (Fig.   3 ). Control tissues leaked increasing amounts of protein into the surrounding media, from about 40 ,g/5 g fresh weight after 1 h to about 85 .g/5 g fresh weight after 24 h of incubation in the sorbitol-buffer medium (Fig. 3 (Fig. 4) . These data suggest that the membranes, which contain high concentrations of unsaturated fatty acids, are preserved when 100 mm Ca2+ plus Mg2+ is included in the incubation media. There appears, however, to be no immediate and direct relationship between the. preservation of the membranes, as evidenced by reduced leakage of protein and lipid peroxidation, and ethylene production. Preservation of ethylene production in the cation-treated tissue occurred only after 5 h of incubation, whereas prevention of protein-leakage or lipid peroxidation occurred within 1 h in the cation-treated tissue. Ionophores and Ethylene Production. If membrane stability or preservation can be associated with ethylene production or the preservation of the ethylene-forming system, then perturbation of tissue membranes should inhibit ethylene production (10). We tested this possibility by the use of ionophores that disrupt membranes by producing channels or pores in the membrane resulting in increased membrane permeability or leakage (12 nomycin, a monovalent cation ionophore, had much less effect (Table I ). The inhibitory effect of 0.1 mm A23187 on the ethyleneforming system of the tissue slices could be prevented to some extent by including 1 mm Ca2+ in the incubation solution. Leakage by the tissues due to A23187 was also significantly reduced by addition of 1 mm Ca2+ to the incubation solution (Table II ). It appears from Table II , that a Ca2' concentration in the incubation solution which is 10 times greater than the ionophore (A23187) reduces leakage and inhibition of ethylene production caused by the ionophores in the tissue slices.
Plant Hormones and Ethylene Production in Ca2`plus Mg+-treated Tissue. IAA at 0.1 mm is known to stimulate ethylene production in vegetative tissue (8) . However, there is only a minimal effect of IAA (0.1 mm) on ethylene production in postcimacteric apple tissue slices (8, 9) . Is the influence of IAA on ethylene production greater in postclimacteric tissues whose mem- (Fig. 5) . On the other hand, the cytokinin IPA1 (0.1 mM), which is known to suppress ethylene production in apple slices even in short-term incubation (9), inhibited ethylene production by apple slices in the presence of Ca2+ plus Mg at 100 mm even at 24 h (Fig. 6) . The significance of these data is not clear, but it may be that the reactions observed with IAA and IPA in apple tissue (Fig. 7) . As previously noted, ethylene production by apple slices declines rapidly when incubated in these solutions without ACC, but in the presence of ACC production of ethylene, continued to increase for 5 h and then declined. In the presence of Ca2+ plus Mg2+ at 100 mm each, the stimulatory effect of ACC was most obvious after 20 h incubation, when tissue ethylene production declined severely, even in the presence ofACC (Fig. 7) . These results suggest that preservation of the tissue membranes by Ca2+ plus Mge+ allows for efficient utilization of ACC for ethylene production. The conversion of ACC to ethylene, a reaction which has previously been associated with membrane integrity (1), was also shown to be dependent on membrane integrity by use of (Table III) . A23187 (0.1 mM) severely inhibited the conversion of ACC to ethylene by apple tissue slices. However, in the presence of 1 mm Ca2 , conversion of ACC to ethylene, despite 0.1 mM A23187, was similar to controls up to 5 h incubation. After 24 h, the tissues incubated in A23187 (0.1 mM) and 1 mm Ca2+ converted significantly more ACC to C2H4 than controls. This again suggests that A23187 a Tissue slices were incubated in 600 mm sorbitol 10 mm Mes buffer (pH 6.0). disrupts the membrane and this disruption can be prevented or repaired by calcium at a concentration 10 times greater than A23 187 (Table III) .
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Uptake of Ca2`and Mg+ by Tissue Slices and Changes in
Endogenous Levels of these Cations. Preservation of the ethyleneforming system by Ca2+ and Mg2+, in very old tissue slices incubated in 600 mm sorbitol-10 mm Mes buffer (pH 6.0) for 24 h, requires very high concentrations (100 mM) of these cations. These inordinately high cation concentrations are far above usual endogenous levels of Ca2" or Mg2+ in plant tissues and are certainly far above the level of Ca2`involved in regulatory metabolism which is probably in the ,AM range (6) . It was therefore of some interest to determine the uptake of these cations by the aging apple slices from the sorbitol-buffered solutions. (9) . Accelerated senescence with respect to ethylene production by apple tissue is characterized by a rapid decline in ethylene formation by these tissues, especially after 6 h incubation. The influence of high concentrations (100 mM) of Ca2+ or Mg2+ on ethylene production at first inhibits, during the first 6 h incubation, and then stabilizes the ethylene-forming system, upon long-term incubation (6-24 h). This stabilization effect becomes most obvious after 24 h of incubation, when ethylene production by the "aged" control tissue is compared to the tissue "aged" by incubation in 100 mm Ca2+, Mg2+ or combinations of Ca2+ plus Mg2+. 187 and Ionomycin, which are believed to form an opening in the membrane, caused considerably greater leakage over controls and significantly lowered ethylene production, especially after 24 h incubation. The increased leakage and reduced ethylene production caused by the divalent ionophores was considerably alleviated by Ca2+ at a concentration 10 times greater than that of the ionophore (Table II) . Valinomycin, the monovalent ionophore, was much less inhibitory to ethylene production in the apple tissue slice system, especially during the first 5 h incubation.
Another line of evidence which relates ethylene production to membrane integrity in the tissue slices is derived from the stimu- 
